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(54) MEMBRANE FILTER 

(57)Abstract: 

PURPOSE: To easily and efficiently wash a membrane without removing a membrane 
module from equipment by feeding treated water from one of the plural membrane 
mod ules a rranged in parallel directly to the remaining membrane modules to wash them. 
CONSTITUTION: Plural membrane modules 3 are immersed in a tank filter 1 and they are 
each connected to a treated water tank 4 by an outflow pipe 1 2 through three-way 
valves 3 and a suction pump 2 and an outflow valve 6 are arranged in the middle of the 
way. And on filtering, an exhaust and drain valve 8 is opened and a valve in a blower 
system is closed and the three- way valves 5 are turned to the outflow system side and 
the outflow valve is opened and an original liquid is fed to be sucked by the suction 
pump 2 to perform filtration and the treated liquid is sent to the tank 4, and on washing 
the tank filter 1 , the three-way valve 5A is turned to the circulating system side and the 
three-way valves 5B, 5C are turned to the outflow system side and the outflow valve 6 
is closed and the treated water from the membrane modules 3B, 3C is injected directly 
into the membrane module 3A by the pump 2 through the three-way 5A to wash the 
module 3A. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Membrane filtration equipment characterized by using one or the treated water from some membrane modules as wash water which 
washes the direct remaining membrane modules in the juxtaposition-existence of the membrane filtration equipment with which two or more 
appositions of the membrane module are earned out, or the membrane filtration equipment with which die membrane module is arranged. 
[Claim 2] Membrane filtration equipment characterized by fiiinishing in the juxtaposition-existence of the membrane filtration equipment with which 
two or more dispositions of the membrane module are carried out, and the membrane filtration equipment with which the membrane module is 
arranged so that wijustment of the concentration of a chemical, mixing, circulation, and neutralization can be performed within this filter and 
performing chemical washing, without removing this membrane module from this equipment * 

[Translation done.] 
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(57) [Abstract] 

[Object] To wash a membrane simply and efficiently in a 
membrane filtration process; and to wash a membrane without 
removing a membrane module from a filter device when 
washing with a chemical solution is necessary. 

[Constitution] In a membrane filter device provided with a 
plurality of membrane modules, or an array of membrane filter 
devices, at least provided with external-pressure membrane 
modules, membrane filtered water is directly used for washing 
water by an arrangement of a constant-flow pump and valves. 
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[CLAIMS] 

[Claim 1] In a membrane filter device provided with a plurality 
of membrane modules, or an array of membrane filter devices 
provided with membrane modules, the membrane filter device 
characterized by using processed water from one or some of the 
membrane modules directly as washing water for washing the 
remaining membrane modules. 

[Claim 2] In a membrane filter device provided with a plurality 
of membrane modules, or an array of membrane filter devices 
provided with membrane modules, the membrane filter device 
characterized by providing equipment that allows for adjustment of 
the concentration of a chemical solution, mixing, circulation and 
neutralization within the filter device, and performing chemical 
washing without removing said membrane module from said 
device. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention 
relates to a membrane filtration device for filtering suspensions 
contained in raw water such as river water, well water, lake water, 
human waste water, industrial water and effluent. 

[0002] 

[Prior Art] In terms of common membrane filtration processes, 
in both precision filtration processes and ultrafiltration processes, 
the membrane modules used for membrane filtration can be 
classified into external-pressure membrane modules, for filtering 
liquid from the exterior of the membrane to the interior thereof, 
and internal- pressure membrane modules, for conversely filtering 
liquid from the interior of the membrane to the exterior thereof. 
Furthermore, in terms of the method for feeding the raw water to 
the membrane module for filtering, there exists a method wherein 
the raw water is forced into the membrane by way of pressure and 
a method wherein the raw water permeates the membrane by way 
of suction. 

[0003] In the membrane filter washing process, basic washing 
is performed by washing with processed water and/or bubbling 
using air. When washing with processed water, by means of 
equipment such as that shown in FIG. 4, processed water is first 
collected in a processed water tank and pressurized by means of 
a pump or some other method, and the processed water is sent to 
the membrane module so as to wash it. Air washing is performed 
by disposing an air diffusion pipe under the membrane module at 
the bottom of the membrane filter device or the like, and air 
bubbles are released so as to wash the membrane module. 
Furthermore, methods are effective wherein, after washing with 
processed water and/or washing by way of bubbling with air, all of 
the washing wastewater is drained from the membrane device 
[sic]. 

[0004] If the processed water is first accumulated in the 
processed water tank, and washing is performed with the 
processed water, dirt and the like in the processed water tank 
flows into the interior of the membrane, which may result in 
reverse soiling. Furthermore, in cases where the raw water 
contains soluble manganese, the soluble substance passes 
through the membrane, so that soluble manganese gets into the 
processed water tank; and if chlorine is added to the processed 
water tank as a disinfectant, the soluble manganese is oxidized 
and solidifies. This solid may soil the interior of the membrane. 

[0005] If soiling of the membrane module progresses so that it 
is no longer possible to recover permeation flow rates by way of 
ordinary cleaning such as bubbling and washing with processed 
water, chemical washing is performed. Chemical washing is such 
that the membrane is immersed for a long period of time in a 
washing solution, such as aqueous caustic soda, a hydrochloric 
acid solution, or an aqueous solution of sodium hypochlorite the 
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concentration thereof having been [suitably] adjusted, or a 
chemical solution is circulated through the membrane. Because it 
is necessary to neutralize the waste solution after circulating a 
chemical solution or performing chemical washing, the common 
procedure is one wherein the membrane module is removed from 
the filter device, [the washing] is performed in a separate chemical 
washing device, and the membrane module is once again 
installed in the original filter device. However, actually removing 
the membrane module from the filter device and once again 
mounting it in the original filter device is extremely labor-intensive 
and time-consuming. 
[0006] 

[Problems to Be Solved by the Invention] Objects of the 
present invention are to solve the problems in the membrane filter 
washing processes described above, and to wash membranes 
simply and efficiently. Furthermore, [an object of the present 
invention] is to wash membranes without removing the membrane 
module from the filter device, even when washing with a chemical 
solution is necessary. 

[0007] 

[Means for Solving the Problems] The problems described 
above can be solved by development of the filter device of the 
present invention. That is to say, 1) in a membrane filter device 
provided with a plurality of membrane modules, or an array of 
membrane filter devices provided with membrane modules, the 
membrane filter device characterized by using processed water 
from one or some of the membrane modules directly as washing 
water for washing the remaining membrane modules. 

[0008] And 2) in a membrane filter device provided with a 
plurality of membrane modules, or an array of membrane filter 
devices provided with membrane modules, the membrane filter 
device developed so as to be characterized by providing 
equipment that allows for adjustment of the concentration of a 
chemical, mixing, circulation and neutralization within the filter 
device, and performing chemical washing without removing said 
membrane module from said device. 

[0009] Furthermore, the membrane filtration method of the 
present invention can be performed by disposing a plurality of 
membrane modules, or by placing a plurality of membrane filter 
devices in alignment and interconnecting these by piping or the 
like. In cases where it is convenient to use an open type 
membrane module, it is advantageous to use a method wherein 
the raw water is caused to permeate the membrane by way of 
suction, by combining the membrane module with a suction pump. 

[0010] In the membrane filter washing process, in order to 
prevent soiling from the processed water side, rather than using 
processed water that has first been accumulated in the processed 
water tank, it is most suitable to use the processed water as 
washing water directly. Using the processed water as washing 
water directly can be performed by using a plurality of membrane 
modules (or membrane filter devices) and switching the 
processed water, by way of a valve, from a membrane module 
serving for filtration (or from a membrane filter device; hereinafter 
[the reference to] membrane filter devices is omitted) so as to 
send the water to the membrane module which is to be washed. 

[0011] In the filter device of the present invention, membrane 
washing is performed without removing the membrane module 
from the device; furthermore this is characterized by adjusting the 
concentration of chemicals, mixing, circulating and neutralizing 
within the device. 

[0012] The process of the present invention, wherein the 
membrane is washed without removing the membrane module 
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from the device and adjustment of the concentration chemicals, 
mixing, circulation and neutralization are performed within the fitter 
device, comprises the steps of, first, filling the interior of the 
device with raw water or processed water; adding a 
predetermined amount of chemical; diluting the chemical within 
the device using the bubbling function; washing the membrane by 
circulating the diluted chemical within the device, while this 
passes through the filter; and after washing is complete, adding a 
neutralization chemical and neutralizing the solution within the 
device using the bubbling function so as to complete the washing 
process. 

[0013] In the process described above, a method is described 
wherein the chemical is directly added to the interior of the filter 
device and diluted, but this may also be performed by another 
method, specifically one wherein the chemical is diluted to a 
predetermined concentration in a separate chemical tank, and that 
diluted chemical solution is suctioned into the fitter device by way 
of, for example, an ejector, or fed in by way of a feed pump. 

[0014] In terms of the pump used in the membrane filter 
device of the present invention, when the membrane module is 
immersed in the filtration tank as an open type membrane module, 
membrane filtration is performed by way of a suction filtration 
method, using a suction pump, as already described above. 
However, in the membrane filter device of the present invention, it 
is possible that the membrane module washing is performed using 
the same pump as is used for filtration. Furthermore, when 
operations such as adjusting the concentration of the chemical, 
mixing, circulation and neutralization are performed within the 
device, constant-flow pumping characteristics are required. 
Accordingly, it is preferable that the pump used in the membrane 
filtration device of the present invention be a pump having 
constant-rate characteristics and capable of changing between 
pressure and suction operation, such as a positive displacement 
screw pump. However, the pump used in the membrane filter 
device of the present invention is not limited to a constant-rate 
pump, and ordinary pumping pumps can be used by providing the 
constant-rate characteristics using valves or the like, and 
changing between pressure and suction. 

[0015] In terms of the chemical used when washing the 
membrane module with a chemical, caustic soda, sodium 
hypochlorite, hydrogen peroxide, hydrochloric acid and many 
other well-known chemicals can be used. 

[0016] Furthermore, the equipment for using a plurality of 
membrane modules and sending the processed water from a 
membrane module serving for filtration to a membrane module (or 
membrane filter device) which is to be washed by switching 
valves, as described above, and the equipment for adjusting the 
concentration of chemicals, mixing, circulation and neutralization, 
can be provided in the same filter device, so that the objects set 
forth above in 1) and 2) can be achieved in a single filter device. 

[0017] Moreover, one variant on the membrane filter device of 
the present invention is a membrane filter system wherein, if a 
plurality of membrane filter devices are present, this plurality of 
membrane filter devices are interconnected between each other 
by piping or the like, and while some of these membrane filter 
devices perform the membrane filtration process, another portion 
of these membrane filter devices perform the membrane washing 
process. 

[0018] Furthermore, one variant of the membrane fitter device 
of the present invention is one wherein, when a plurality of 
membrane filter devices are present in the same manner as 
described above, equipment for adjusting the concentration of 
chemicals, mixing, circulation and neutralization is provided in 
only some of these membrane filtration devices, and the chemical 
preparation equipment and the like in this portion of the 
membrane filter devices is used for the chemical washing of the 
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membranes in the other portion of the membrane filter devices. 
Various other variants are possible by combining the 
aforementioned processed water washing method and chemical 
washing method, and all of these belong to the category of the 
membrane filter device of the present invention. 
[0019] 

[Embodiments] Hereinafter the present invention is described 
by setting forth a specific embodiment, but the following 
description is [only] one example of the membrane washing of the 
present invention, and the present invention is not limited thereby. 

[0020] (Embodiment 1) The membrane filter device of the 
present invention shown in FIG. t is such that a filtration tank 1 in 
this device is filled with raw water and three external-pressure 
membrane modules are immersed in this filtration tank 1. The 
three external-pressure membrane modules 3 (3A, 3B, 3C) are 
connected to a processed water tank 4 by way of an outflow pipe 
12, via corresponding three-way valves 5 (5A, 5B, 5C), and a 
suction pump 2 and an outflow valve 6 are disposed midway. 

[0021] The structure of the three-way valves 5 is as shown in 
FIG. 3, and it is possible to switch between the outflow system 
and the circulation system by operating the valves. An air diffusion 
pipe 11 is provided at the bottom of the filtration tank 1; air is sent 
to the air diffusion pipe 11 by a blower 10 so as to supply air 
bubbles to the filter modules 3, which are washed by the air. 
Furthermore, water can be evacuated by way of a drain valve 7 by 
closing an air diffusion vatve and an air/water evacuation valve 8 
at the top of the filter tank 1, opening a pressure valve, operating 
the blower, and feeding pressurized air to the filtration tank 1 so 
as to pressurize the interior of the membrane filter device. 

[0022] When filtration is performed, the air/water evacuation 
valve 8 is opened, the blower system valves are closed, the three- 
way valve 5 is set to the outflow system, the outflow vatve is 
opened, and suction filtration is performed with the suction pump 
2, while supplying raw water, so that the filtered processed water 
is sent to a processed water tank 4. When washing of the filtration 
tank 1 is performed, the three-way valves 5 are normally set to the 
circulation system, and processed water is fed from the process 
water tank by the pump for washing, but in the membrane filter 
device of the present invention, as already described above, in 
order to avoid soiling from the processed water side, washing is 
not performed with processed water from the processed water 
tank, but rather the system is one wherein the processed water is 
used for the washing water directly. In other words, in the device 
in FIG. 1 , for example, the three-way valve 5A is switched to the 
circulation system, the three-way valves 5B and 5C are set to the 
outflow system, the outflow valve 6 is closed, the processed water 
from the membrane modules 3B and 3C is fed to the membrane 
module 3A directly, by way of the three-way valve 5A, using the 
suction pump 2, and washing is performed. 

[0023] The three-way valves 5A, 5B and 5C are successively 
switched to the circulation system, and washing is performed for 
each of the membrane modules that have been switched to the 
circulation system. It is preferable that the suction pump 2 be a 
positive displacement pump wherein the pumping rate does not 
change, even if there are changes in the suction force as a result 
of switching valves. Note that two two-way valves may also be 
used in place of the three-way valve. 

[0024] In the membrane filter device in FIG. 1, a method of 
washing the membrane modules one by one is shown, but if a 
plurality of membrane filter devices are present, the membrane 
filter system may be such that some of these membrane fitter 
devices perform the membrane filtration process so as to output 
processed water, and this processed water is sent to the 
membrane modules in the other portion of the membrane filter 
devices so as to wash those membranes. 

[0025] In a draining process following completion of 
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membrane washing, it is preferable that, with the drain valve 7 
open, the air/water evacuation valve is closed, and with the 
pressure valve open, the blower 10 is activated so as to evacuate 
the water in the filtration tank 1 with the air-source pressure. 

[0026] A case wherein washing is performed using chemicals 
is described by way of FIG. 2. In FIG. 2, the membrane filtration 
tank 1 has been filled with raw water. In cases where a chemical 
solution is added directly to the membrane filtration tank 1 and 
diluted to a predetermined chemical concentration in the 
membrane filtration tank 1 , the volume of the membrane filtration 
tank 1 is known, and so an amount of chemical solution that will 
produce the necessary concentration for washing is added, and 
the concentration of the chemical solution within the tank is made 
uniform by way of bubbling air from the air diffusion pipe at the 
bottom of the tank. 

[0027] In cases where the raw water is dirty, if it is unsuitable 
to add [the chemical] directly to the raw water in the tank, after 
draining all of the raw water from within the tank, the tank can be 
filled with processed water that is fed from the processed water 
tank, and the predetermined concentration of washing solution 
can be achieved in the same manner as described above. 

[0028] When the predetermined concentration of washing 
solution has been achieved, washing operations begin by 
circulating the washing solution within the tank. In order to 
circulate the washing solution within the tank, one of the three- 
way valves, for instance 20A of membrane module 15A, from 
among the membrane modules 15, is set to the circulation 
system, and the other three-way valves 20B and 20C are set to 
the outflow system. The processed water pump 18 is started, 
washing solution is suctioned from membrane modules 15B and 
15C and fed into the interior of the membrane of the membrane 
module 15A, so as to permeate the membrane. This washing 
solution is circulated until the filter resistance value of the 
membrane in the membrane module 15A reaches that of the 
product when new, whereafter the three-way valves are switched 
so that the three-way valve 20B of the membrane module 15B is 
set to the circulation system and the other three-way valves 20C 
and 20A are set to the outflow system, so that all of the membrane 
modules are washed. 

[0029] Once washing with the chemical solution is complete, 
a chemical is added to the tank for neutralization, and circulation 
is continued with the liquid in the tank passing through the three 
membrane modules, and [when] it is confirmed that the liquid in 
the tank has been neutralized by measuring the pH, all of the 
washing procedures are complete. Once washing of the 
membrane modules has been completed, normal membrane 
filtration operations can be immediately recommenced. In the 
foregoing description, a case is described wherein a chemical 
solution is added directly to the membrane filtration tank 1 and 
diluted to a predetermined chemical concentration in the 
membrane filtration tank 1 , but other methods can be used, such 
as a method wherein the chemical solution is suctioned from a 
chemical tank 23 using an ejector 22, and the chemical solution is 
added to the membrane filtration tank 1 by passing through the 
membrane module 15, or a method wherein [the chemical] is fed 
in using a separate chemical feed pump. 

[0030] The membrane filter device can be used in sewage 
treatment processes using activated sludge treatment, allowing 
sludge to be efficiently separated and concentrated. In other 
words, the membrane module is immersed in a processing tank or 
in a sedimentation pond, and the sewage is separated into 
supernatant water and concentrated sludge by way of suction- 
type membrane filtration, so as to concentrate the sludge, which 
allows for increases in the efficiency of activated sludge treatment 
processes. 

[0031] When the membrane filter device is used in sewage 
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treatment processes using activated sludge treatment, it is 
advantageous to use the washing system of the present invention. 
In the case of sewage treatment processes using activated sludge 
treatment, it is not suitable to add chemicals directly to the 
processing tank, and it is preferable that the chemical be diluted in 
a chemical tank, and then added to the processing tank. 
[0032] 

[Effects of the Invention] The present invention is such that, 
in a membrane filter device provided with a membrane module, by 
disposing a pump, and preferably a constant-rate pump, and 
valves, membrane washing can be performed using membrane 
processed water as the washing water directly. Furthermore, by 
providing this membrane filter device with a chemical tank as 
necessary, it is possible to efficiently perform membrane washing 
with a chemical solution without removing the membrane module 
from the device. 

[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a process flowchart of the washing of a 
membrane module with the membrane filter device of the present 
invention. 

[FIG. 2] FIG. 2 is a process flowchart of the washing of a 
membrane module with a chemical solution, with the membrane 
filter device of the present invention. 

[FIG. 3] FIG. 3 is a diagram for describing the flow routes of 
three-way valves used in the membrane filter device of the 
present invention. 

[FIG. 4] FIG. 4 is a process flowchart . of membrane filtration 
using a pressure pump. 

[Explanation of the Reference Numerals] 
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[ooi4] ^^wgssa^sccfgflt? 

jas^nrc^i*. j§saii»ci:±eaL^ciio^i« 
>^*tte6"c»iijajii*s:ttTt>*i*. u&istt&z 

m-rzo>tm-<D#>7ctTt>fti>ctt>*>z. turn 
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V. SBHt*S*, feB. *<^^©£ 
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[0016] *fc, ±£tHM>Ntet>>~**ftftO 
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B. 3C) \t*tl-etlE3it?5 <5A. SB. 5C> «r 

«iauT*iagi 2r-«iJfi4:tt4ti:ii8S$nrteo t -e 

<WS4>tC©5l#>7-2 £iitii#6>!*ffigS*va»*. 
[0 02 1 ] ££#5<D»iiit^3K*OfcJ:5 , C\ # 

^UKJiftstei i^3»^6m:*jo. ^pti ot* 
are 1 1 tcsatxo , ssii**>^-*3 tcstie*«i& 

l/C £9VC J: 4 ft**?* * fc8*S?*# ^ HiBfl 1 0 

i/c ku>^7 *<)lft*'C&tj:*(i:a< 9 ri»*. 

[0 02 2] Sii^T^i*. »A(ttiMFa«l|«. 

?t(,». m&utctm*.&&i&kfe &miSio> 
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«a*?6iiB3CC, g*t J *-.'l-3B*}J:O f 3C*^(D 

-*3A«cjiAL'tr^r4. 

[0023] =^5 A . 5 B , 5 C i*Je*aR8*K:$J 
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*Sftts. jtiNteJteS**-* 1 5 BfeJrtXl 5CA» 

4iSjlS-t*4. CtDAWKOWMrM^A-A' 1 5 A 

1 5 B0>=jjt?2 0 Btm*0ttft& 

5 £ 5 K.=im &® *) fc*. -Cf^ r<D«* S> a - *** 
[0 02 9] ^«CCJ:S^i**iifJ7L.fci>. ft4"«*« 

*6i*>*J>*2 2«:gfl!UTg?ft£S«lU §s*i>* 
-* 1 5 *«U CK52jafS 1 KjMte&ftl?&#a:t>9l 

[0030] i'g-ttj^gJffiesEn: £«ffi*«yu:s<Em[ 
ililKfWU-C«4U: < S««:9lS6 • jStfiT-SC 

> - **fltft L> C«? MnftCtfiiil'CffiJB* ±«* 4 
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[003 1 ] i^ttr^W5StcJ:-5^^aslXfl^g?* 
[0032] 

mttws&Hzmix. 

[BfiOfMUUM] 

[@l]gl a^MHDHlftUfiBK: «fc 4®*^ ,-.'1/ 

[@s] 92a#amaumuiwc**) t m**-'^- 

At J: Dft»**2»!>7 P-Bo 

[ b 3 ] ia 3 i**!^©!* sassa: m-t h=jmv> 

[B4] B4M!rc#>:rej:*4MiM>X8:>a~ 
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